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The  high  natural  sen.  ivity  of  guinea  pigs  to  penicillin  is 
reflected  in  the  high  death  rate  of  the  animals  after  even  a  single 
parenteral  administration  of  the  antibiotic.  Individual  differences 
arc  an  important  factor.  While  some  adult  animals  arc  killed  by 
small  doses  (100  to  500  units),  others  survive  even  very  large  ones 
(512,000  units  in  our  experiments).  The  mechanism  of  this  extreme 
sensitivity  is  obscure  and  it  has  been  attributed  by  different  auth¬ 
ors  to  various  causes  (avitaminosis,  dysbacteriosis  [change  in  in¬ 
testinal  flora],  allergy). 

In  studies  on  the  pathogenic  effect  of  penicillin  on  guinea 
pigs,  attention  was  focused  on  the  fact  that  the  animals  do  not  die 
immediately  after  the  injection,  but  3  to  4  days  later,  i.e.,  at  a 
tine  when  the  antibiotic  has  mostly  disappeared  from  the  body  (peni¬ 
cillin  is  known  to  be  eliminated  from  guinea  pigs  within  3  to  4 
hours  [1]).  Consequently,  it  has  been  conjectured  that  the  death 
of  the  animals  is  related  to  the  onset  of  an  intestinal  infection 
caused  by  penicillin-resistant  microbes.  Examination  of  the  animals' 
intestinal  flora  after  the  administration  of  penicillin  [2-4]  showed 
that  the  antibiotic  suppresses  the  gram-positive  flora  characteristic 
of  the  guinea  pig  intestine,  thus  permitting  the  development  of  gram- 
negative  flora,  which  is  highly  toxic  to  this  species  of  animal. 
However,  this  infection  theory  docs  not  account  for  the  scloctive 
action  of  different  doses  of  the  antibiotic,  for  small  amounts  some¬ 
times  have  a  stronger  pathogenic  effect  than  large  amounts,  nor  does 
it  explain  why  pathological  changes  arise  in  the  intestinal  wall  be¬ 
fore  the  onset  of  dysbacteriosis  [5], 
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11  oports  on  morphological  changes  in  the  viscera  of  guinea 
pigs  after  the  administration  of  penicillin  are  conflicting  because 
they  refer  to  animals  that  died  or  were  sacrificed  at  different  times 
after  the  antibiotic  was  injected.  Kor  example,  histological  exam¬ 
ination  of  the  organs  of  guinea  pigs  who  died  3  or  4  days  after  a 
single  injection  of  10,000  units/kg  of  penicillin  failed  to  reveal 
any  changes  [6],  Necrosis  of  individual  fibers  in  the  myocardium 
was  noted  in  2  of  12  animals  given  doses  ranging  from  4000  to  40,000 
units/kg,  while  large  necrotic  areas  in  the  liver  were  found  in  some 
others  [7].  In  2  of  10  animals,  changes  were  noted  in  the  adrenals 
consisting  of  pronounced  hyperemia  of  the  medullary  and  cortical 
layers  with  secondary  changes  in  the  parenchymal  cells  to  the  point 
of  necrosis  [8].  Lesions  were  detected  in  the  gastrointestinal 
tract  --  hyperemia  of  the  mucosa,  hyperplasia  of  the  reticular  cells 
of  the  small  intestine  stroma,  hypersecretion  of  mucus  in  the  largo 
intestine  between  the  3rd  and  4th  days,  and  infectious-inflammatory 
changes  thereafter  [5], 

In  an  effort  to  determine  why  guinea  pigs  die  after  the  ad- 
ministre  ion  of  penicillin  and  to  study  the  puthological  process 
dynamically,  we  investigated  changes  in  the  viscera  of  animals  sac¬ 
rificed  at  various  intervals  after  injection  of  the  antibiotic. 

Thirty  experimental  animals  weighing  200  to  250  g  were  injected 
intramuscularly  with  32,000  units  of  the  calcium  salt  of  crystal¬ 
line  penicillin  in  0.5  ml  of  physiological  saline  near  the  outer 
surface  of  the  left  hind  paw.  Three  animals  were  sacrificed  daily 
for  morphological  study.  The  heart,  lungs,  brain,  liver,  kidneys, 
adrenals,  small  and  large  intestines  were  removed  for  microscopic 
examination.  The  material  was  embedded  in  paraffin  and  the  sections 
were  stained  with  hematoxylin-eosin. 

Gross  examination  of  the  animals  sacrificed  24  hours  after 
the  injection  of  penicillin  failed  to  reveal  any  unusual  changes  in 
tho  organs.  The  intestinal  loops  were  collapsed.  The  liver  was  of 
normal  size  with  a  smooth  surface  and  transparent  capsule  through 
which  could  bo  seen  the  cinnamon-brown-yellow  parenchyma,  which  had 
in  cross  section  the  same  color  but  with  a  dull  tone. 

Microscopic  examination  of  the  organs  of  these  animals  re¬ 
vealed  pronounced  changes,  which  were  especially  severe  in  2  of  the 
sacrificed  guinea  pigs.  In  tho  myocardium  against  a  background  of 
hyporemia  and  occasional  hemorrhages,  endothelial  cells  of  the  ca¬ 
pillaries  and  small  blood  vessels  were  proliferating,  hero  and  thora 
with  marked  round-cell  and  histiocytic  pori vascular  infiltration  and 
patchea  of  necrosis  in  the  walls  (Fig.  1).  Tho  proliferating  endo¬ 
thelium  of  the  small  vessels  sometimes  formod  granulomatous  growths 
protruding  into  tbs  lumens*  There  was  sporadic  necrosis  of  individual 
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Figure  1.  Myocardium.  Perivascular  round-cell 
infiltration  in  the  myocardial  stroma.  Photo¬ 
micrograph.  Enlargement  7  X  40.  , 


muscle  fibers  or  groups  of  fibers  surrounded  by  infiltrates  of  his¬ 
tiocytes  and  fibroblasts.  The  infiltrates  contained  large  quanti¬ 
ties  of  Anitschkow's  myocytes.  Infiltrates  consisting  of  lymphoid 
elements  and  histiocytes  were  also  found  under  the  erdocardium. 

The  lungs  were  marked  by  hemorrhagic  foci  in  the  alveolar 
cavity,  focal  emphysema,  and  pronounced  proliferation  of  the  endo¬ 
thelium  of  tho  capillaries  of  tho  interalveolar  septa.  The  bronchial 
mucosa  was  folded,  with  mucus  and  sometimes  masses  of  erythrocytes  in 
the  lumens. 

The  liver  was  hypercmic,  with  degenerative  changes  in  the  pa¬ 
renchymal  colls  and  small  drops  of  fat,  proliferation  of  Kupffer's 
cells.  In  one  case  there  was  necrosis  o'  tho  walls  in  some  of  the 
small  blood  vessels,  occasionally  with  constriction  of  the  lumens  and 
round-coil  infiltration  around  them.  Isolated  hepatic  cells  were 
necrotic. 

The  brain  tissue  was  markedly  edematous,  especially  around 
the  blood  vessels.  There  wus  proliferation  of  the  capillary  endo¬ 
thelium,  occasionally  of  endotholium  of  the  small  blood  vessels  with 
a  few  tiny  homorrhages,  marked  proliferation  of  cells  in  the  peri¬ 
vascular  tisaua,  and  focal  proliferation  of  glia  (Fig.  2).  Some  of 
the  glial  colls  were  swollen  with  indistinct  nuclei.  The  pie  meter 
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Figure  2.  Brain.  Edema  of  cerebral  substance 
with  focal  proliferation  of  glial  elements. 
Photomicrograph.  Enlargement  7  X  40. 


was  cdomatous  and  hypcremic.  The  endothelium  of  the  capillaries  and 
small  vessels  was  proliferating  and  threatening  to  close  the  lumens. 
Perivascular  hemorrhages  were  common. 

The  kidneys,  intestine,  and  adrenals  were  characterized  by 
hyperemia  and  degenerative  changes  in  the  epithelial  cells  in  the 
form  of  slight  swelling. 

'iross  examination  of  the  animals  sacrificed  after  48  and  72 
hours  revealed  attenuation  of  the  fatty  tissue,  distention  of  the 
intestinal  loops  whose  lumens  contained  liquid  matter,  hyperemia  of 
the  serous  membranes,  uneven  blood  supply  to  the  lungs,  and  enlarge¬ 
ment  of  the  adrenals  to  almost  twice  the  normal  size.  The  changes 
in  the  viscera  revealed  by  microscopic  examination  were  moro  or  less 
the  same  as  in  the  animals  sacrificed  earlier.  For  example,  after 
48  hours  the  myocardium  was  hypcremic  in  two  animals  with  small  foci 
of  hemorrhages  and  focal  accumulations  in  tho  stroma  of  histiocytes, 
fibroblasts,  and  round  cells  admixed  with  eosinophils  (in  1  animal). 
In  the  lungs  —  hyperemia,  proliferation  of  capillaries  of  the  inter¬ 
alveolar  septa,  and  blood  in  some  of  the  alveolar  cavities.  In  the 
liver  —  fatty  degeneration  and  proliferation  of  Kupffer's  cells, 
necrosis  of  occasional  parenchymal  cells.  The  changes  in  the  brain 
were  similar  to  those  noted  in  the  animals  sacrificed  after  24  hours* 

The  changes  in  the  viscora  of  all  the  animals  sacrificed  af¬ 
ter  72  hours  wore  relatively  minor  —  hyperemia,  degeneration  of 
parcnchyasl  organs,  small  drops  of  fat  in  tho  liver  (in  2),  prolif¬ 
eration  of  Kupffer's  cells,  marked  proliferation  of  capillary  endo- 


4 


t helium  in  the  myocardium,  lungs,  liver,  ai.,,  >;ruin.  "'he  intestine 
exhibited  inflammatory  infiltration  !’•  .-oimd  cell:;  a  leucocytes 
mostly  in  the  submucosal  layer,  edema,  and  signs  of  pr.nvaocul  itis 
(Pig.  3). 
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Gross  examination  of  the  ani- 

GRAPHIC  NOT  REPRODUCIBLE  mala  sacrificed  after  96  hours 

VMVttJTXHV  ^  revealed  the  following:  exhaus¬ 

tion,  pronounced  hyperemia  of 

r.T  1^..  , - -  r.,.r  ,  the  blood  vessels  of  tho  serous 

.1,  membranes,  occasionally  very  do- 

>  ; -7  1  ■./  licatc  fibrous  adhesions  between 

\  v..  •  r. .  t*  ■  *  /  t,  % 

>tv  •  the  folds  of  the  serous  mcnbranof 

!  . ;;  /•/:  *'Vr*  'vv<,  adrenals  enlarged  to  almost  three 

j  iii'V-V,/  ■  times  tho  normal  size  with  hemor- 

V  .  ,  ml.;  rhageo  visiblo  on  top  of  one  of 

-d  them.  Tho  liver  was  markedly 

ffi/xr.'Z,/'  '•  changed  --  enlarged  with  marblo- 

r  ization  due  to  the  uneven  blood 

'«//>'  ■  .vW'’’  ^VjxcV' supply.  Tho  blood  supply  to  the 
,  .'4  Vy£/5{ ,  lungs  was  also  uneven.  The  loops 

of  the  large  intestine  were  dis¬ 
tended;  the  lumens  contained  liq¬ 
uid  matter.  Tho  surfaco  of  the 
spleen  was  rough  and  slightly 
grainy. 

Figure  3.  Wall  of  small  intest-  Microscopic  examination  of  the 

tine.  Panvasculitis  with  massive  viscera  of  these  animals  rcvoal- 
pcrivaacular  infiltration.  Photo-  cd  changes  similar  to  tho  abovs,, 
raicrograp.  Enlargement  7  X  40.  but  with  granulomatous  forma¬ 
tions  in  the  myocardial  stroma 
and  under  the  endocardium  in  the 

form  of  accumulations  of  round  cells,  histiocytes,  and  fibroblasts. 
One  animal  showed  marked  changes  in  the  valves  which  were  edematous; 
their  endothelium  was  occasionally  arranged  in  layers  (Fig.  4).  The 
changes  in  tho  intestine  were  similar  to  those  described  above. 

After  120  and  144  hours  the  pathological  changes,  on  gross 
examination,  were  relatively  minor  --  liver  normal  in  size,  mar- 
blcization  sharply  decreased,  intestinal  loops  collapsed  and  con¬ 
tents  solid,  slight  hyperemia  of  the  serous  membranes,  adhesions 
between  the  layers  of  the  pericardium.  Increased  amount  of  fat  vi¬ 
sible  in  tho  subcutaneous  and  circumhopatic  tissue. 

Microscopic  sxamination  revealed  comparatively  minor  changes 
—  hyperemia,  slight  swelling  of  the  parenchymal  organs  aomo times 


Figure  3.  Wall  of  small  intest- 
tinc.  Panvasculitis  with  massive 
perivascular  infiltration.  Photo- 
micrograp.  Enlargement  7  X  40. 
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Figure  4.  Heart.  Proliferation  of  endothelium 
and  marked  edema  of  valvular  tissue.  Photomic¬ 
rograph.  Enlargement  7  X  40. 


with  fatty  degeneration,  proliferation  of  vascular  endothcliua  and 
Kupffcr's  cells  in  the  liver,  occasional  hemorrhages  in  the  alveolar 
cavity.  One  animal  had  hemorrhages  in  the  cerebral  substance  and 
small  infiltrates  in  the  heart  containing  Anitschkow's  myocytes. 

Five  others  had  only  degenerative  changes  in  the  parenchymal  organs 
with  moderate  proliferation  of  vascular  endothelium  in  the  lungs  and 
liver. 

One  of  the  guinea  pigs  sacrificed  after  144  hours  exhibited 
changes  (microscopic  examination)  in  the  myocardium  and  brain  tis¬ 
sue  similar  to  those  found  in  the  animals  sacrificed  after  24  hours 
along  with  the  changes  in  the  other  orguno  that  were  common  at  this 
time  --  focal  necrosis  of  muscle  fibers,  focal  myocarditis,  granu¬ 
lomatous  formations  in  the  endocardium  with  valvular  involvcmont  in 
the  form  of  marked  swelling  of  tissue  and  infiltration  by  masses  of 
histiocytes  and  fibroblasts.  The  endothelium  on  the  valvular  sur¬ 
face  was  succulent  with  hypochromic  nuclei,  occasionally  arranged  in 
several  layers.  Tho  brain  of  this  animal  was  markedly  edematous; 
vasculitis,  capillaritis ,  and  focal  encephalitis  were  similar  to 
those  in  the  animals  sacrificed  after  24  hours.  No  signs  of  fatty 
degeneration  were  noted  in  the  liver.  The  myocardium  of  another 
animal  contained  delicate  scar  changes  in  the  form  of  young  connec¬ 
tive  tissue  rich  in  cellular  elements  and  capillaries  taking  the 
place  of  the  auscle  fibers. 

Gross  examination  of  the  animals  sacrificed  at  the  other 
three  times  showed  no  unusual  changes  as  compared  with  the  healthy 


controls*  The  microscopic  changes  were  also  slight,  nnd,  in  our 
opinion,  merely  residual  phenomena*  They  consisted  '.inly  in  mod- 
v iate  proliferation  of  capillary  endothelium*  No  degenerative 
changes  were  noted  in  the  organs. 

Thus,  a  study  of  the  morphological  changes  in  t lie  viscera 
of  guinea  p..-5  sacrificed  at  different  tir.es  after  parenteral  in¬ 
jection  of  penicillin  showed  similar  changes  in  almost  ull  eases. 

These  included  the  following:  Gone  decree  of  hyperemia  in  ull  the 
organs,  degenerative  changes  in  the  form  of  spelling  of  the  paren¬ 
chymal  organs,  sometimes  with  fatty  degeneration  of  the  liver  (in 
12  of  30  eases),  and,  in  general,  proliferation  of  Kupffer's  cells 
in  the  liver.  Another  noteworthy  feature  was  the  vigorous  prolif¬ 
eration  of  capillary  endothelium  especially  in  the  myocardium, 
lungs,  liver,  and  brain  with  signs  of  vasculitis  against  u  back¬ 
ground  of  fibrinoid  changes  in  the  walls  of  the  small  blood  vessels. 
The  lungs  were  characterized  by  multiple  hemorrhages  in  the  ulvooli* 
focal  infiltrates  of  round  cells  were  observed  in  the  myocardial 
stroma  und  somotimea  under  the  endocardium.  In  isolated  casco  in¬ 
filtrates  of  the  intestine,  lungs,  and  heart  contained  small  quan¬ 
tities  of  eosinophils. 

Along  with  a  similar  general  picture  of  changes  in  the  organs 
there  were  also  differences  in  the  degree  and  severity  of  the  le¬ 
sions  in  relation  to  the  time  the  animals  were  sacrificed.  Animals 
sacrificed  at  the  same  periods  exhibited  in  addition  to  the  severe 
lesions  which  probably  killed  them  comparatively  slight  changes. 

It  is  reasonable  to  assume  that  such  changes  take  place  in  the  leaa 
sensitive  individuals  who  in  the  natural  courso  of  the  process  sp- 
purontly  remain  alive. 

The  results  of  our  observations  show,  therefore,  that  with¬ 
in  24  hours  of  the  administration  of  penicillin  most  animals  exhibit 
widespread  vascular  changes,  which  we  may  interpret  us  forms  of 
vasculitis  combined  with  focal  myocarditis,  focal  encephalitis,  sym¬ 
ptoms  of  bronchospasa,  and  necroses  in  the  liver.  These  changes  are 
a  morphological  manifestation  of  an  allergic  process.  They  eventu¬ 
ally  kill  the  animals  or  are  reversed.  The  changes  are  the  back¬ 
ground  against  which  dysbacteriosis  arises.  With  s  milder  course 
of  the  process,  the  animals  may  develop  pathological  changes  of  a 
different  kind  at  later  intervals.  for  example,  if  the  animals 
survive,  they  develop  scar  changes  over  the  necrotic  areas  as  in 
the  myocardium.  Among  tho  cells  in  the  focal  infiltrates  of  ths 
myocardium  art  some  Anitschkow's  myocytes,  which  hsve  been  described 
m  widespread  systemic  vascular  diseases,  specifically,  in  systomic 
lupus  erythematosus  is  man  [9].  The  process  was  accompanied  by  such 
changes  is  ths  organs  as  ths  development  of  granulomatous  format  isms, 
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necrosis  of  individual  myocardial  fibers  v.-ith  cellular  infiltration 
around  them,  and  capilloritis  in  many  organs. 


Concln<ior". 

1«  A  single  parenteral  injection  of  30  guinea  pi gs  with  penicillin 
produced  within  2-1  hours  widespread  lesions  of  tho  blood  vessels 
in  the  forts  of  vusculitin  combined  with  focal  myocarditis,  focal 
encephalitis,  bronchospasm,  and  liver  necroses.  These  changes 
resemble  the  morphological  picture  of  an  allergic  process. 

8*  The  changes  in  the  severe  cases  resulted  in  tho  death  of  the 
animals.  The  changes  were  reversed  when  the  course  was  mild. 

3.  Localization  of  the  changes  in  the  intestines  led  to  the  subse¬ 
quent  development  of  gram-negative  flora. 
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